Objective: To determine whether epilepsy admissions are associated with a higher readmission risk for psychotic episodes compared to admissions for other medical causes. Methods: The Nationwide Readmissions Database is a nationally representative dataset from 2013. We used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes to identify medical conditions. There were 58 278 index admissions for epilepsy, and this group was compared against admissions for stroke (n = 215 821) and common medical causes (pneumonia, urinary tract infection [UTI], congestive heart failure [CHF], and chronic obstructive pulmonary disease [COPD], n = 973 078). Readmission rates for psychotic episodes within 90 days from discharge for index hospitalizations were calculated. Cox regression was used to test for associations between admission type and readmission for psychotic episodes up to 1 year after index admission, in univariate models and adjusted for multiple medical, social, and psychiatric variables. Results: Up to 90 days from index admission, there were 683/100 000 readmissions for psychotic episodes in the epilepsy group, 92/100 000 in the stroke group, and 58-206/100 000 in the medical group. The relative rate of readmission in the epilepsy group was highest in the first 30 days following index admission (311/100 000). Unadjusted hazard ratio (HR) for readmission for psychotic episodes within 1 year in the epilepsy group compared to the stroke group was 6.58 (95% confidence interval [CI] 5.69-7.61, P < 2 × 10 −16 ), and 4.41 compared to the medical group (95% CI 4.00-4.85, P < 2 × 10 −16 ). The fully adjusted HR for readmission in the epilepsy group remained elevated at 3.63 compared to the stroke group (95% CI 3.08-4.28, P < 2 × 10 −16 ), and 1.95 compared to the medical group (95% CI 1.76-2.15, P < 2 × 10 −16 ). Confounding factors most strongly associated with psychosis readmission were documented psychosis history at the time of index admission, younger age, and lower income quartile. Significance: An epilepsy admission was independently associated with subsequent hospital readmission for psychotic episodes, even after adjustment for confounding variables.
| INTRODUCTION
Patients with epilepsy have a higher rate of psychiatric comorbidity compared to the general population, with depression and anxiety being the most common psychiatric comorbidities. 1 According to a systematic review and meta-analysis in 2014, up to 6% of patients with epilepsy at some point had some type of comorbid psychotic illness, an approximately 8-fold increased prevalence compared to the general population. 2 Similarly, in 2012, a
Finnish study showed a 5.5-fold increased risk of a broadly defined psychotic illness in patients with epilepsy patients, and an 8.5-fold risk of schizophrenia. 3 The reverse is also true, with schizophrenia having an increased association with epilepsy as compared to other organic brain disease such as multiple sclerosis. 4 A 2014 English case-control study showed a 7.3% prevalence of epilepsy in patients with schizophrenia compared to 1.9% in the general population. 5 This association between epilepsy and psychotic illness such as schizophrenia is complicated by the existence of psychotic interictal and postictal states in epilepsy independent of schizophrenia, and the existence of other entities such as autoimmune encephalitides, which can present with both seizures and psychosis independent of epilepsy or schizophrenia. Because there can be no qualitative difference between psychosis related to schizophrenia and interictal and postictal psychotic states, it has been suggested previously that the true coincidence of schizophrenia and epilepsy may be less frequent than is commonly thought. 6, 7 In addition, several substances of abuse such as methamphetamine 8 and synthetic cannabinoids 9 can cause a wide variety of neurologic symptoms including seizures and acute psychosis, and are ultimately associated with an increased long-term risk of transition to schizophrenia. 10 Although strong associations between epilepsy and psychosis have been found in previous studies, the risk of severe psychosis (related to schizophrenia or otherwise) after hospitalization for epilepsy is unclear. A hospital admission is a particularly vulnerable time for epilepsy patients, and the intermediate-term risk of psychiatric readmission for psychosis after discharge from a hospitalization for epilepsy has not, to our knowledge, been studied directly. In addition, psychosis requiring admission would presumably represent a severe form worthy of note. In this study, we hypothesized that patients admitted to the hospital for a primary reason of epilepsy would have a higher readmission risk for psychotic episodes (due to schizophrenia, interictal psychosis, or postictal psychosis) compared to admissions for other medical causes.
| METHODS
The Nationwide Readmissions Database (NRD) is a nationally representative dataset from the Healthcare Cost and Utilization Project, containing data from about 15 million hospital discharges, or 49% of US hospitalizations, in 2013. This database contains anonymized, verified patient linkage numbers that can be used to anonymously track patients across hospitals within a state if they are readmitted within the same year. Thus, individual patients are tracked, rather than simply gross numbers of admissions and readmissions.
We used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes to identify medical conditions. We examined patients admitted with a primary diagnosis code of epilepsy, and chose control groups of patients admitted for stroke, and patients admitted for common medical causes. An epilepsy index admission was defined as an admission with a primary diagnosis code of 345.xx, which had a positive predictive value (PPV) of 97.7% for a diagnosis of epilepsy for inpatient admissions in a 2010 study. 11 Inclusion of the lessspecific 780.3 (seizure, convulsions) was shown to lower PPV for epilepsy patients to 83.5%, so we did not include this code. Similarly, another study has shown the most accurate ICD-9-CM code algorithm to identify epilepsy cases was one hospitalization coded within 2 years for 345.xx. 12 Here, we excluded code 345.6x (infantile spasms) given a study population of 18 years or older. Validated ICD-9-CM definitions of psychiatric conditions in general, including schizophrenia, are not as well defined in the literature. This is likely multifactorial, related to the lack of an objective gold standard for diagnosis, the changing classifications of schizophrenia among versions of the Diagnostic and Statistical Manual of Mental
Key points
• Patients admitted to the hospital for epilepsy are at higher risk for readmission for psychotic episodes, even after adjustment for confounding variables • The psychosis readmission rate is highest in the first 30 days following epilepsy admission, but risk remains elevated over the course of at least a year • Contributing factors for psychosis readmission risk are documented psychosis history at the time of index admission, younger age, and lower income quartile Disorders (DSM), and the inherent uncertainty in the diagnosis of schizophrenia during an admission for a first psychotic break. This is further complicated by the fact that there is no specific code for psychosis associated with epilepsy in ICD-9-CM, ICD-10, DSM-IV, or DSM-5. Prior studies have used code 295.xx to define a study population of schizophrenia patients. 13 Here, because our outcome is readmission for psychosis for any reason including schizophrenia, we opted to be more inclusive and include codes 295.xx, and 297.x, and 298.x, which each denote less-specific psychotic states (see Supporting Information for specific codes). We chose control index admission groups to include another central nervous system disorder (ischemic stroke), and common medical diagnoses. Index admissions for ischemic stroke were identified using ICD-9-CM codes 346.6x, 433.x, 434.x, 436, and 437.x. Common well-defined causes for medical admissions included chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF), pneumonia (PNA), and urinary tract infection (UTI), and were defined by appropriate ICD-9-CM codes in the primary diagnosis position. Table S1 includes the full list of ICD-9-CM codes used for each index admission population.
Using these definitions, in 2013 there were 58 278 index admissions for epilepsy as the primary reason. This group was compared against index admissions for stroke (n = 215 821) and common medical causes (combined n = 973 078). We calculated baseline characteristics of each index admission group, means, and standard deviations for continuous variables, and frequencies and percentages for categorical variables. We included medical comorbidities and hospitalization characteristics at the time of the index hospitalization. We calculated readmission rates as the number of readmissions due to psychosis or schizophrenia (herein "psychotic episodes") within 0-30, 0-60, and 0-90 days of discharge from the index hospitalization, and reported rates per 100 000 index admissions. To calculate 30-day readmission rates, we excluded index hospitalizations in December; for 60-day rates, we excluded index hospitalizations in November and December; and for 90-day rates, we excluded index hospitalizations in October, November, and December.
Kaplan-Meier curves were created of the cumulative risk of admission for psychosis or schizophrenia up to 1 year of follow-up, stratified by index admission type; we used the log-rank test to test for significance. For this analysis, we used all available follow-up data and measured time from discharge from the index hospitalization to admission for psychotic episode. Because only the month of admission and not the exact date is available in the NRD, for those without the event of interest, we calculated the maximum observed follow-up period as the number of days from the midpoint of the month of index admission to December 31, 2013. Cox regression was used to test for associations between admission type (epilepsy, stroke, or medical causes) and readmission for psychotic episodes up to 1 year after index admission. Two 2-way comparisons were tested: epilepsy vs stroke admission (referent), and epilepsy vs medical admission (referent). These comparisons were tested in univariate models, as well as in models adjusting for age, sex, income quartile of patient's zip code, history of illicit drugs or alcoholism (ICD-9-CM codes 303.xx and 304.xx), psychiatric comorbidity at the time of index admission (in categories of depression; anxiety; schizophrenia and other psychoses; bipolar disorder; posttraumatic stress disorder [PTSD] and acute stress disorders; personality disorders; conversion, hypochondriasis and psychogenic conditions; miscellaneous adjustment disorders; and eating disorders; see Supporting Information for ICD-9-CM code definitions used), and various index hospitalization characteristics including length of stay, ultimate disposition from hospital, and the All Patients Refined Diagnosis Related Groups (APR-DRG) severity of the index admission. Analyses were performed in SAS version 9.4 and R version 3.3.1 (SAS, Cary, NC, USA).
| RESULTS
Baseline characteristics of the index admission groups are displayed in Table 1 . The average age of patients admitted for epilepsy was notably younger compared to ages for stroke and medical admissions, and there was a higher rate of cardiovascular risk factors and comorbidities in the stroke and medical groups (including hypertension, hyperlipidemia, diabetes, peripheral vascular disease, atrial fibrillation, and myocardial infarction; data not shown). There was a higher rate of alcohol abuse and substance use disorders in the epilepsy group (7.3% compared to 2.4% in stroke group, and 2.3% in medical group) and a higher rate of documented psychiatric conditions at the time of index admission, including schizophrenia and other psychoses (5.3% in epilepsy group, 1.7% in stroke group, and 2.1% in medical group). The index admissions for epilepsy tended to have a lower APR-DRG risk classification and risk of dying compared to the other groups. More epilepsy patients tended to be discharged home, and more epilepsy admissions were paid through the Medicaid program. Of note, the differences in the variables between index admission groups in Table 1 were all significant at a P value of <.0001, in part due to the large sample sizes used.
Up to 90 days from index admission, there were 683 readmissions for psychotic episodes per 100 000 index admissions in the epilepsy group, 92 readmissions per 100 000 index admissions in the stroke group, and between 58 and 206 readmissions per 100 000 index admissions in the medical groups (Figure 1 ). Kaplan-Meier curves showed markedly increased unadjusted readmission rates over 1 year for psychotic episodes after epilepsy admission, compared to stroke admission ( Figure 2A ) and medical admission ( Figure 2B ). When comparing admission rates for psychotic episodes before and after the index admissions, there were 311, 521, and 683 admissions for psychotic episodes per 100 000 index epilepsy admissions at 30, 60, and 90 days after index admission, respectively. Alternatively, there were 218, 740, and 1177 admissions for psychotic episodes per 100 000 index epilepsy admissions at 30, 60, and 90 days before index admission, respectively (Table 2) . Similar patterns were seen for stroke and medical index admission. The corresponding psychosis admission rates before and after index admission for stroke and medical index admissions can be found in Table 2 .
Unadjusted hazard ratio (HR) for readmission for psychotic episodes within 1 year in the epilepsy group compared to the stroke group was 6.58 (95% CI 5.69-7.61, P < 2 × 10 −16 ), and was 4.41 compared to the medical group (95% CI 4.00-4.85, P < 2 × 10 −16 ) ( Table 3 ). This association remained after adjusting for patient historical and demographic features, and aspects of the index admission. After adjusting for psychotic comorbidity at the time of index admission, history of alcohol abuse or substance use disorder, patient age, sex, zip code income quartile, and various characteristics of index admission, the fully adjusted HR for readmission in the epilepsy group remained elevated at 3.63 compared to the stroke group (95% CI 3.08-4.28, P < 2 × 10 −16 ), and 1.95 compared to the medical group (95% CI 1.76-2.15, P < 2 × 10
−16
). Other significant factors consistently associated with readmission for psychotic episodes in all groups included a documented psychotic comorbidity the time of index admission (HR 16.01, P < 2 × 10 −16 in the epilepsy vs stroke comparison, HR 28.06, P < 2 × 10 −16 in the epilepsy vs medical comparison), and discharge to any location other than home. Protective factors for readmission in all groups included an age greater than the combined group mean (HR 0.41, P < 2 × 10 −16 in the epilepsy vs stroke comparison, HR 0.31, P < 2 × 10 −16 in the epilepsy vs medical comparison), higher income, and higher APR-DRG severity score at index admission. A complete listing of significance for all variables we adjusted for can be found in Supporting Information.
| DISCUSSION
An admission for epilepsy was independently associated with subsequent hospital readmission for psychotic F I G U R E 1 0-30, 0-60, and 0-90 day readmission rates for a primary diagnosis of psychotic episode per 100 000 index admissions. Index admission primary diagnosis listed on x-axis episodes, even after adjustment for important confounding variables. The magnitude of the overall risk was significant, with a cumulative 1-year risk of admission for psychotic episodes of about 1.2% after epilepsy admission. This study is limited to an inpatient sample only, but it suggests that a hospital admission is a potentially vulnerable time for patients with epilepsy, which is consistent with the most common reasons for admissions in epilepsy patients: uncontrolled seizures and status epilepticus, evaluation for surgical candidacy, and differentiation of epileptic seizures and nonepileptic events. The magnitude of elevated risk in this population suggests that patients admitted with epilepsy may warrant targeted psychiatric screening during their hospital admission. The higher rates of psychosis admission associated with epilepsy admission could be due to a variety of causes. First, given a higher rate of documented baseline psychotic comorbidity in the epilepsy cohort at the time of index admission, the unadjusted higher readmission rates are expected. However, the elevated HR for readmission for psychotic episodes in the epilepsy cohort even after adjustment for documented baseline psychotic comorbidity at index admission suggests epilepsy and/or epilepsy admission as conferring some risk in and of itself. Possible explanations for this specific increased risk in the epilepsy group after accounting for documented psychotic comorbidity include interictal psychosis, postictal psychosis (which may be delayed), and psychosis related to starting antiepileptic drugs (AEDs).
Regarding delayed postictal psychosis as a possible contributing factor, AEDs are often discontinued or reduced during epilepsy admissions in order to capture seizures for either diagnostic purposes or as part of a presurgical evaluation.
14, 15 The delay in psychosis readmissions in our study could, in part, be due to the asymptomatic "lucid interval" after a seizure cluster, which could lead to a patient's discharge from index admission, followed by a delayed psychosis and related hospitalization. This could help to explain why the relative rate of psychosis readmission following epilepsy admission was higher in the first 30 days after index admission in our study (Figure 1 ). Another possible explanation for the higher rate of psychosis admissions in the epilepsy cohort worthy of mention is psychosis related to medication side effects, especially AEDs, which may have been started during the index admission for epilepsy. Certain AEDs, especially levetiracetam, have previously been associated with drug-induced psychosis characterized by predominantly disorganized behavior and thinking. In a prior study of 2630 patients with epilepsy, 98 (3.7%) had psychotic disorders, of which 14 (14.3%) were determined to be an AED-induced psychotic disorder. 16 Unfortunately, due to the administrative nature of the data in our study, we cannot assess the effect of medications.
The similar rates of psychosis admissions occurring before and after the index admissions are interesting and may be due to several factors. As mentioned previously, there is documented baseline psychotic comorbidity in all of the cohorts at the time of index admission (Table 1) , and thus this subgroup of patients has some baseline risk of decompensation leading to psychiatric hospitalization irrespective of index admission timing. Although this pattern may suggest a more general association between T A B L E 2 Psychosis admissions per 100 000 index admissions Index admission  type   90  60  30  30  60  90   Epilepsy  1177  740  218  311  521  683   Stroke  79  53  27  41  71  92   Medical  184  123  51  64  98  141 Admission rates for psychotic episodes per 100 000 index admissions in the 30, 60, and 90 days before and after index admission for the causes shown.
Days before index admission

Days after index admission
F I G U R E 2 A, Kaplan-Meier analysis for cumulative risk of
readmission for psychotic episodes following index admission for epilepsy admission compared to stroke admission; log-rank P value <.0001. B, Kaplan-Meier analysis for cumulative risk of readmission for psychotic episodes following index admission for epilepsy admission compared to medical admission; log-rank P value <.0001 epilepsy admission and psychosis admission rather than direct cause and effect, the relatively higher rate of psychosis readmissions at 0-30 days compared to 0-60 or 0-90 days in the epilepsy cohort may suggest that the index admission itself does directly contribute some risk for psychosis readmission in a small way. Further speculation as to the cause of the higher risk for readmission in those with epilepsy in this study can be difficult: schizophrenia is not one monolithic clinical entity, but rather a collection of diseases with a similar phenotype given its genetic, symptomatic, and social risk factor heterogeneity. 17 Thus, the organic etiology of the schizophrenia spectrum disorders remains to be elucidated, and the relationship between schizophrenia and epilepsy is ultimately felt to be bidirectional based on multiple prior epidemiologic studies. [18] [19] [20] [21] One could also speculate that some of these cases of readmission for psychosis could be directly related to epilepsy itself (either interictal or postictal psychosis) and not schizophrenia, or even that both the patient's seizures and psychosis could be related to a separate parsimonious organic etiology such as autoimmune encephalitis, although this is probably less likely given the relatively small incidence compared to schizophrenia and epilepsy. In addition to the increased readmission risk from epilepsy admission alone, several other risk factors for readmission for psychotic episodes were identified, some expected and others not. Not surprisingly in this study, psychotic comorbidity at the time of index admission was the strongest independent risk factor for hospital readmission for psychotic episodes in all groups. Of interest, those patient discharged from their index admission via a method other than routine discharge "home" had an increased risk for readmission. This could simply reflect the less acute medical and/or psychiatric state of the patients at the time of discharge home. Age less than the group mean was a significant risk factor for readmission for psychosis and schizophrenia, which could reflect the lower prevalence of psychosis and other positive symptoms in older patients with schizophrenia, 22 a weaker psychosocial support system earlier in life during the time of first psychotic break, or even the shorter lifespan of patients with schizophrenia. 23 As shown previously in the general population, 24 patients who reside in the lowest income quartile had the highest likelihood of subsequent admission for psychotic episodes, again suggesting an association with lower socioeconomic status. In this study, we found that the magnitude of elevated risk in the epilepsy group is higher when compared to the stroke group, as opposed to the medical group. The reason for this is not clear, but there are some potential causes. Stroke is generally an acute isolated event, whereas there are many chronic medical conditions leading to frequent recurrent hospitalizations. Epilepsy and some of the medical causes of admission (CHF and COPD) both share this burden of chronic illness, including all of the associated mental stress and comorbid psychiatric illness. 25, 26 Of interest, COPD had the highest rate of readmission for psychosis among the medical causes (206 per 100 000) and CHF had the lowest rate (58 per 100 000). Thus, the medical cohorts studied here may have had undocumented psychiatric or psychotic comorbidity at the time of index admission, thus contributing to a higher psychosis readmission rate compared to the stroke, although this is speculative.
There are several important limitations of this study. The HCUP databases including the NRD use administrative data whose primary use are for administrative purposes, rather than for clinical care. Thus, misclassification bias may occur as a result of miscoding (rarely the wrong ICD code may be used by the coder) or underascertainment if a particular condition is not documented in the medical chart. However, prior studies have validated the accuracy of the ICD-9-CM codes we used for the epilepsy admission group. 11, 12 In addition, this study is limited to an inpatient sample only, and it is beyond the scope of this project to comment on outpatients with epilepsy, or the development of psychotic episodes not resulting in a documented hospital admission. The data are limited to 1 year, and there are several clinical details that cannot be accounted for such as the reason for the epilepsy admission, the AEDs that patients had been (or not been) taking, and perhaps most importantly the final physician consensus on the etiology of the psychosis in question on the readmissions. The currently available data regarding the specificity of the ICD-9-CM schizophrenia and psychosis codes are limited, making the exact nature of the psychosis meriting admission inherently unknown. Strengths of this study include the large sample size that is generalizable to the US population, the focus on the severe spectrum of conditions resulting in admission, and the focus on the intermediate risk period after hospital discharge up to 1 year of follow-up. This increased intermediate-term risk of readmission for psychosis following an epilepsy admission exemplifies the significantly higher burden of illness borne by persons with epilepsy beyond the risk of seizures alone and suggests hospital admissions are a particularly vulnerable time for these patients. When caring for patients with epilepsy, especially during an acute stressor such as a hospital admission, physicians must remain mindful of this increased risk.
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